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Abstract

Enterococci are considered as transient constituent components of the oral microbiome
that may cause a variety of oral and systemic infections. As there is sparse data on the
oral enterococcal prevalence, we evaluated the Enterococcus spp. and their virulence
attributes including antimicrobial resistance in a healthy Brazilian cohort. A total of 240
individuals in different age groups were studied (children 4-11 yrs, adolescents 12—17
yrs, young adults 18—-29 yrs, adults 30-59 yrs, elderly over 60 yrs). Oral rinses were col-
lected and isolates were identified by AP1 20 Strep and confirmed by 16S rDNA sequenc-
ing. E. faecalis isolates, in particular, were evaluated for virulence attributes such as their
biofilm formation potential, and susceptibility to antimicrobials and an antiseptic, chlorhex-
idine gluconate. A total of 40 individuals (16.6%) and 10% children, 4% adolescents, 14%
young adults, 30% adults, and 25% elderly carried oral enterococci. The oral enterococcal
burden in adolescents was significantly lower than in the adults (p = 0.000) and elderly

(p =0.004). The proportion of carriers was higher among females (p = 0.001). E. faecalis
was the most frequent isolate in all the age groups (p = 0.000), followed by E. durans

and E. faecium. Whilst all the clinical isolates were able to form biofilms, only a proportion
of them were able to produce lipase (92%), hemolysin (38%), and gelatinase (39%). Of
all the isolates 53.8% were resistant to tetracycline, 12.3% to amoxicillin, 16.0% to
ampicillin, 20.8% to chloramphenicol and 43.4% to erythromycin. None of the isolates
were resistant to vancomycin. Our data suggest that in this Brazilian cohort the oral

cavity may act as a significant reservoir of rather virulent and antibiotic resistant entero-
cocci, with an increasing degree of carriage in the adults and elderly. Hence clinicians
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should be cognizant of this silent reservoir of virulent enterococci that may pose a particu-
lar threat of nosocomial infection.

Introduction

It is well known that enterococci cause several infections some of which are potentially fatal,
including urinary tract, neonatal and wound infections, as well as endocarditis and meningitis
[1,2,3,4]. Over the last few decades, they have also been recognized as notable nosocomial path-
ogens worldwide, in particular due to the increasing emergence of antimicrobial resistance phe-
notypes [5,6,7,8]. Noteworthy are the vancomycin-resistant enterococci, and their impact in
nosocomial settings that are of considerable concern [2,4,5,9]. Apart from vancomycin, entero-
cocci also exhibit resistance to tetracycline, penicillin, cephalosporin and aminoglycosides
[10,11].

E. faecalis, the predominant human enterococcus, has been also related to oral diseases,
such as caries, endodontic infections, periodontitis, and peri-implantitis [12,13,14]. It has been
frequently implicated in failure of endodontic treatment, due to high resistance to endodontic
medicaments, and the ability to form recalcitrant biofilms both in treated and untreated root
canals [15,16,17,18,19].

Although enterococci are generally considered as transient constituents of the oral micro-
biome with a low colonization density [20,21], surprisingly little is known about their oral
prevalence and incidence particularly in different population groups [22]. Most of the currently
available data pertain to the oral carriage of E. faecalis mainly in patients undergoing endodon-
tic therapy, and it is considered as one of 25 most abundant pathogens causing persistent end-
odontic infections [18,23]. On the contrary, patients with gingivitis or periodontitis exhibit an
enterococcal prevalence ranging from 3.7 to 35% [12,24]. Interestingly, Chomicz et al. [25]
reported that 60% of diabetic patients yielded oral Enterococcus fecalis, and E. faecium, as
opposed to only 6.6% in the controls.

Recently, Anderson et al. [23] in an elegant study comprehensively evaluated the virulence
attributes of E. faecalis isolates from the oral cavity, food and clinical specimens, and reported
that oral isolates had the highest percentages of virulence genes as well as extracellular enzymes
and a capacity to form biofilms. They suggested, therefore, that the oral cavity may constitute a
critical reservoir of virulent, antibiotic resistance E. faecalis strains.

Hence, the primary aim of this study was to determine the oral prevalence of Enterococcus
spp. in different age groups, in a healthy Brazilian cohort. A secondary aim was to evaluate the
major virulence traits of the E. faecalis oral isolates (biofilm formation and enzyme production)
and their susceptibility to vancomycin, amoxicillin, tetracycline, ampicillin, chloramphenicol,
erythromycin, and a commonly used antiseptic chlorhexidine digluconate.

Materials and Methods
Ethics Statement

The study was approved by the Universidade Estadual Paulista Institute of Science and Tech-
nology, Local Institutional Ethics Committee (protocol number 060/06-PH/CEP). The volun-
teers were fully informed about the aims of the study and methods of sampling. All adult
subjects provided written informed consent, by signing a form. In case of children, parent or
guardian provided written informed consent on their behalf, respecting child’s decision to
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participate. Additionally, volunteers who donate blood used for haemolysin activity detection
also gave written informed consent by signing a form.

A total of 240 healthy volunteers, 88 males (36.67%) and 152 females (63.33%), attending
the clinics at Sao José Institute of Science and Technology, Brazil, were sampled. The cohort
was divided into five age groups as follows: i) children: 4-11 years-old (n = 50); ii) adolescents:
12-17 years-old (n = 50), young adults: 18-29 years-old (n = 50), adults: 30-59 years-old
(n = 50), elderly: over 60 years-old (n = 40). The individuals were randomly selected using a
table of serial numbers of patient records.

Patients with diabetes mellitus, pregnant women, smokers, and orthodontic appliances/den-
ture users were excluded from the study as well as those on treatment with antimicrobials/anti-
fungals and/or mouthwashes or other medications that affect the salivary flow over last 60 days
prior to the study.

Each individual was sampled using the oral rinse technique using 10 mL of phosphate buff-
ered saline (PBS, 0.1M, pH 7.2) [26]. The patient was asked to rinse the mouth with PBS, for 1
min, and expectorate the rinse into a sterile container. In the laboratory, the samples were cen-
trifuged for 10 min at 8,000 X g and the supernatant was discarded, and 2.5 ml of PBS was
added to the cell pellet that was reconstituted. An aliquot (0.1 ml) of each suspension was
plated on Enterococcosel Agar (BBL, France) and aerobically incubated at 37°C for 24 h. After-
wards, the characteristic colonial growth (with brown halos) was quantified as the number of
colony-forming units per milliliter (cfu/mL) of oral rinse. Five representative colonies of differ-
ent morphologies were further evaluated by microscopy, and transferred into Tryptic Soy
broth (TSB—Difco, Detroit, USA) and incubated at 37°C for 24 h. Then, an aliquot of 0.1 ml
from the resultant growth was stored in 2 ml of Brain Heart Infusion broth-glycerol (BHI-glyc-
erol) (20%) and maintained at -80°C prior to final identification.

All the isolates were phenotyped using the API 20 Strep system, according to the manufac-
turer’s instructions (Biomérieux, Marcy I’Etoile, France). Subsequently, 16S rDNA sequencing
was performed for molecular confirmation of the identity. Briefly, cultures were grown in Trip-
tic Soy agar overnight at 37°C and a colony was suspended in 50 pL of sterile miliQ water and
heated at 95°C for 10 min in a thermal cycler (Applied Biosystems, ABI 2100). An aliquot of
2 uL of the mixture was used for PCR.

For PCR, following primer pair was used: D88 (5’ ~GAGAGTTTGATYMTGGCTCAG-3" )
andE 94 (5 -GAAGGAGGTGWTCCARCCGCA-3’ ) . The PCR amplification was carried
out in 50 pl final volume containing 10 uM of each primer, 4 ul of PCR buffer, 1.2 ul of 50mM
MgCl,, 0.6 pl of 10mM dNTP mix, 0.14 pl of 5U/ul Tag DNA polymerase, 30.86 pl ultra-pure
water and 2 pl of DNA template. Cycling conditions consisted of 3 min at 95°C followed by 35
cycles of 45 s at 94°C, 1 min at 53°C, 90 s at 72°C, followed by 72°C for 7 min. PCR products
were evaluated in 1% agarose gel and positive products purified using QTAGEN PCR purifica-
tion kit. Sequencing reaction was performed using ABI 3730 sequencer (Applied Biosystems).
The primers D88 and E94 were used as sequencing primers in BigDye version 3.1 reaction. The
chromograms were visually inspected for quality and length of reads. Poor quality results were
discarded. The sequences were compared against all non-redundant bacterial sequences depos-
ited in GenBank using BLAST.

Isolates identified as E. faecalis (n = 100) were evaluated for virulence traits (enzyme pro-
duction) and susceptibility to antimicrobials. For this, the frozen, aliquoted isolates were
thawed and inoculated on BHI agar plates, and incubated at 37°C for 24 hours. After confirma-
tion of purity, the following tests were performed in duplicate in two different occasions.

Haemolysin activity was evaluated by inoculation in Miieller-Hinton agar supplemented
with 5% of human total blood (v/v) (see Ethics Statement Section), as previously reported
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[27,28]. The presence of a clear halo (3-hemolysis) around the colonies after incubation for 24
hours at 37°C was considered as positive for haemolysin.

Gelatinase production was evaluated using Triptic soy agar supplemented with 3% gelatin,
as described before [27,29]. After inoculation, the plates were incubated at 37°C for 48 hours
and the presence of clear halo around the colonies was considered as gelatinase positive.

Lipase production was assessed according to the methodology proposed by Elsner et al.
[30]. In brief, isolates were plated on the surface of Spirit Blue agar supplemented with 3%
Bacto lypase reagent and incubated at 37°C for 72 hours. An opaque zone around the colonies
indicated lypolytic activity.

Lipase, haemolysin and gelatinase production was scored qualitatively as either positive or
negative and quantification was not attempted.

Biofilm formation and evaluation of susceptibility to chlorhexidine digluconate were per-
formed according to previously described methodology [31,32]. Standardized bacterial suspen-
sions (1x 10® cells/ml) in physiologic saline (NaCl 0.9%) of each E. faecalis isolate (n = 100)
were prepared. Then, an aliquot of 20 ul of the bacterial suspension was transferred to cellulose
membranes and placed on the surface of BHI agar. Plates were aerobically incubated for 48
hours at 37°C, and evaluated for biofilm formation. To evaluate the effect of chlorhexidine
digluconate, the membranes were transferred to a sterile Petri dish containing 5 ml of 0.12%
chlorhexidine digluconate. After 1 minute of exposure to the antisepic, the membranes were
first transferred to plates containing 5 ml of a neutralizer for 1 minute (0.5% Tween 80 supple-
mented with 0.07% lecithin) and then into a sterile physiologic solution and vortexed for 60
seconds to disrupt the biofilm. Serial ten-fold dilutions of the latter suspension were obtained
and 0.1 ml was plated in duplicate in BHI agar. Plates were incubated under aerobic conditions
at 37°C for 48 hours and the number of colony-forming units (cfu) per membrane was calcu-
lated. Negative control samples were immersed in physiologic solution under identical
conditions.

Minimal inhibitory concentrations (MIC) of amoxicillin, ampicillin, tetracycline, vancomi-
cin, chloramphenicol, and erythromycin were determined by agar dilution method according
to Clinical Laboratory Standards Institute (CLSI) guidelines [33]. The breakpoints for resis-
tance adopted were those established by the CLSI guidelines (chloramphenicol > 32ug/ml,
erythromycin > 8 ug/ml, amoxicillin > 16ug/ml, ampicillin > 16pg/ml, tetracycline > 16 pg/
ml, vancomycin > 32 pg/ml).

Data were statistically analyzed by GraphPad PRISM version 6. Differential counts of
enterococci between the various age groups were, expressed as cfu per milliliter, and compared
by Kruskal Wallis and Dunn’s test. The prevalence of enterococci between males and females
was analyzed using Z test. The bactericidal effect of chlorhexidine digluconate on E. faecalis
biofilms were analyzed using Mann-Whitney test. p < 0.05 was considered statistically signifi-
cant for all the evaluations.

Results

A total of 40 individuals (16.6%) in our cohort were carriers of oral enterococci, with a mean
count of 122 cfu/mL amongst the carriers. Specifically, 10 per cent of children (mean = 88 cfu/
ml), 4% for adolescents (1 cfu/ml), 14% for young adults (3.5 cfu/ml), 30% of adults (216 cfu/
ml), and 25% of elderly (224 cfu/ml) were positive for enterococci. Significant difference in
enterococcal carriage was observed between the adolescents, and the adults (p = 0.000), and
elderly (p = 0.004) (Table 1). Higher proportion of carriers was observed among females
(63.33%) than males (36.67%) (p = 0.001).
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Table 1. Oral carriage of enterococci in different age-related cohorts (expressed as colony-forming units per milliliter; cfu/mL).

Groups n
Children 50
Adolescents** 50
Young adults 50
Adults* 50
Elderly* 40

% of positive$ mean sd median min max
10 88 344.70 0 0 2050
4 1 4.95 0 0 25
14 3.50 8.76 0 0 25
30 216 954 0 0 6425
25 224 670 0 0 2875

n = number of patients, sd = standard deviation, min = minimum value, max = maximum value.

*p =0.000,
*p =0.004;

§ percentage of individuals positive to Enterococcus spp. in the oral cavity

doi:10.1371/journal.pone.0163001.t001

The species distribution of enterococci in each group is shown in Table 2. Of the 115 entero-
coccal isolates, overall the most predominant were E. faecalis (88.7 per cent) followed by E. dur-
ans (7.9%) and E. faecium (1.7%). E. faecalis carriage for children, adults and elderly were
94.1%, 89.5%, 81.6%, respectively. E. durans was the second most frequently isolated species
representing 7.9% of the isolates. The latter was most frequently found in elderly patients
(15.8%), followed by adults (4.2%) and children (5.96%). E. durans was not isolated from either
adolescents or young adults. A very low prevalence of E. faecium was noted in adults with only
two isolation events (1.7%).

We also noted marked differences when the identical isolate was phenotyped by the API 20
Strep system and genotyped by rDNA sequence analyses, with 21.7% (25 of the total) of isolates
being assigned to two different species (Table 3). For instance, the genotype E. faecalis was
identified by API 20 Strep system as E. avium, E. durans, E. faecium in 14 analyzed samples,
whilst the genotype E. durans was identified as E. faecalis and E. faecium by API 20 Strep on
two occasions. We therefore used the rDNA sequence analyses results as definitive information
for the current study.

In terms of the virulence attributes, all E. faecalis isolates were able to form biofilms, and
variable percentages of isolates were able to produce lipase (92%), hemolysin (38%), and gelati-
nase (39%). Chlorhexidine digluconate had significantly reduced the number of viable cells in
all E. faecalis biofilms evaluated (p = 0.008<0.05).

Breakpoint antimicrobial resistance profiles of all the isolates are shown in Table 4. Of the
total of isolates (n = 115), 53.8% were resistant to tetracycline, 43.4% to erythromycin, 20.8% to
chloramphenicol, 16.0% to ampicillin, and 12.3% to amoxicillin. None of the isolates were
resistant to vancomycin.

Table 2. Distribution of Enterococcus species in each age group.

Age group E. faecalis
Children 16
Adolescents 2
Young adults 10
Adults 43
Elderly 31
Total 102 (88.7%)

doi:10.1371/journal.pone.0163001.t002

E. faecium E.durans Enterococcus sp.(unassigned) Total
0 1 0 17
0 0 0 2
0 0 0 10
2 2 1 48
0 6 1 38
2(1.7%) 9(7.9%) 2(1.7%) 115
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Table 3. Phenotypic (API 20 Strep method) and genotypic (16s rDNA) analytical data of 25 oral enterococcal isolates indicating the divergent
nature of the results.

Sequencing n Homology* API 20 Strep

E. faecalis 1 98% E. durans

E. durans 7 99-100% E. faecalis
E. avium 4 100% E. faecalis

E. faecium 3 99-100% E. faecalis
E.avium 2 100% E. faecalis
E.avium 1 99% Enterococcus sp.

E. faecium 6 99-100% E. durans

E. faecium 1 99% Enterococcus sp.

*Percentage sequencing identity with reference sequences in GenBank.

doi:10.1371/journal.pone.0163001.t003

Table 4. Break point antimicrobial sensitivity profiles (values in ug/ml) of oral E. faecalis, E. faecium and E. durans spp.

Antimicrobial Enterococcus spp. (n=115) Enterococcus species
E. faecalis (n = 104) E. faecium(n = 2) E. durans(n =9)
Amoxicillin

MIC90 32 4 > 64 8

MIC50 2 2 2 2

Range 1-64 1-64 1-64 1-8
% Resistance 12.3 16 6 100

Ampicillin

MIC90 16 4 16 8

MIC50 4 8 8 2

Range 1-64 1-64 4-16 2-8
% Resistance 16.0 18 37 100
Tetracycline

MIC90 64 >64 > 64 64

MIC50 16 16 4 4

Range 1-64 1-64 1-64 2-64
% Resistance 53.8 54 38 50
Vancomycin

MIC90 8 4 1 4

MIC50 1 1 1 1

Range 1-8 1-4 1 1-8
% Resistance 0 0 0 0

Chloramphenicol

MIC90 32 32 32 64

MIC50 16 16 16 16

Range 1-64 1-64 2-64 2-64
% Resistance 20.8 20 10 33
Erythromycin

MIC90 64 > 64 > 64 > 64

MIC50 4 4 8 1

Range 1-64 1-64 1-64 1-64
% Resistance 43.4 46 56 17

doi:10.1371/journal.pone.0163001.t004
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Discussion

Enterococci are generally considered as transient oral bacteria [21]. However, their prevalence
in various population groups has not been fully evaluated, with only sparse data mainly from
North American and European studies [20,34]. To our knowledge, this is the first study to
report the prevalence of oral enterococi from a South American cohort belonging to a spectrum
of age groups. As we intended to study a sample representative of the general population the
exclusion criteria included only the most frequently reported conditions that affect the oral
microbiome such as, diabetes, pregnancy, wearing orthodontic appliances and dentures, use of
mouth rinses, and medications that affected the salivary flow.

In our cohort, 10% of children, 4% of adolescents, 14% of young adults, 30% of adults and
25% of elderly were oral carriers of enterococci. The overall 16.6% oral prevalence of entero-
cocci reported here is similar to those with a healthy gingival and periodontal status (20%), but
much lower than for patients with gingivitis/periodontitis (73%) and undergoing endodontic
treatment in a dental institute in USA [34], as well as in a cohort of insulin-dependent diabetic
patients from Europe (60%) [25]. The latter groups have also reported a much lower prevalence
(1%) in dental students [35] and in healthy individuals (6.6%) [25]. It is noteworthy, however,
that we did not evaluate periodontal status nor the endodontic diseases in our cohort. As
almost all of the above studies including ours, report a relatively high intra oral prevalence of E.
faecalis, further longitudinal studies on the incidence and oral carriage of these organisms are
warranted to obtain a complete picture of the oral colonization profiles of enterococci.

Several previous workers have used molecular methods rather than phenotypic ones, yet
limited their studies for investigating only E. faecalis species [35,36,37]. However, considering
that other enterococci such as E. faecium, have emerged as important pathogens particularly in
nosocomial environments [38], we aimed to identify all enterococci isolated. The picture that is
emerging is worthy of note as it seems that several species of enterococci routinely habituate
the oral cavity, the implications of which are yet to be defined.

As the sampling method we adopted was the oral rinse technique generally acknowledged
as the most effective technique for microbiological screening of the healthy oral cavity [26] we
surmise that our data present a relatively accurate picture of the oral enterococcal profile in our
population. We also performed pilot experiments using several media for standardization of
Enterococcus isolation using bile esculin agar (Himedia, India), Enterococcus agar (Difco,
Detroit, USA) and Enterococcosel agar (BD, France). Oral rinses samples were simultaneously
plated on the foregoing media and the resultant growth was evaluated after 18 hours of incuba-
tion. As enterococal agar yielded the most CFUs presumptive of enterococci, as characterized
by a brown halo around each colony, we decided to use the latter culture medium for our sub-
sequent experiments (data not shown).

It is known that the phenotypic speciation methods of streptococci such as ID32Strep, API
20 Strep and VITEK?2 systems [39,40] lead to spurious results compared with genotypic specia-
tion methods such as mpB analysis. For instance, Winston et al. [41] compared the results of
rnpB analysis and API20 Strep system and demonstrated a high incidence of incorrect identifi-
cation of enterococcal species by the latter technique. Hence, we used both the phenotypic and
genotypic identification systems and noted only a 78.3 per cent concordance in the results with
25 strains identified discordantly as follows (Table 3). The genotype E. faecalis was identified as
E. avium, E. durans, E. faecium by API 20 Strep in 14 analyzed samples, whilst E. durans was
phenotyped as E. faecalis and E. faecium by API 20 Strep on two occasions. The significant var-
iation in the two typing systems implies that the more accurate and reliable genotyping system,
rather than the traditional phenotyping systems, should be used by future workers to yield con-
sistent, reliable and comparable data in epidemiologic studies of this nature.
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In quantitative terms of enterococcal colonization we noted a mean density of 122 cfu/mL
amongst the carriers with particularly high values of up to 224 cfu/mL in the elderly. These val-
ues are considerably lower than those of Sedgley et al. [27] who reported 10 to 600 cfu/mL, and
1000 to 4600 cfu/mL in two different studies. This difference could be attributed to the demo-
graphic variations, the oral health and the methodology between these studies. For instance,
Sedgley et al. [27] essentially evaluated a relatively small sample of eleven patients who were
undergoing endodontic treatment and used bile esculin agar as opposed to Enterococal agar
use in the current studies. Both groups, however, employed oral rinses as the standard sam-
pling methodology. On the other hand, in a subsequent study, Sedgley et al. [35] reported
enterococcal counts between 30 to 240 cfu/mL in patients undergoing endodontic treatment.

To the best of our knowledge this is the first report of gender variations in oral carriage of
enterococci. We also noted significant, age-related differences of oral enterococcal prevalence
in this study. The origin of the enterococci in the oral cavity is yet unclear. Some contend that
most enterococci enter the oral cavity as contaminants derived from normal intestinal flora,
whilst person to person translocation or transfer through water or contaminated food have
been suggested by others [42,43]. Interestingly, a number of workers have surmised that antibi-
otic resistant enterococci in particular can be transmitted through contaminated food, leading
to infections [43,44]. However, more recently, Vidana et al. [45] found no evidence of food-
borne transmission of enterococci.

Of the enterococcal species, E. faecalis is the most frequently isolated species in previous
studies including ours with E. faecium closely following. These two species comprised 80% of
our clinical isolates. There are no previous reports on oral enterococcal carriage amongst indi-
viduals in different age groups either in health or disease, and more work is required to confirm
or refute the current data.

One curious finding in our study was the relatively high percentage of antibiotic resistant
isolates compared to previous studies. A significant percentage of the isolates were particularly
resistant to tetracycline, chloramphenicol and erythromycin. This observation contrasts with
that of Chai et al. [31] who after examining E. faecalis ATCC 29212 surmised that erythromy-
cin and tetracycline were totally effective for eliminating E. faecalis from oral biofilms. Sedgley
et al. [27] on the other hand analyzed 12 oral enterococci and detected only two tetracycline
resistant isolates. Though rather tenuous, one reason for the origin of tetracycline resistance in
oral enterococci could be its frequent administration in periodontitis patients [46]. Concurring
with our data, Anderson et al. [23] have very recently reported relatively high frequency of
erythromycin-resistant E. faecalis from food, clinical specimens and oral sites. Variations in
antimicrobial profiles and emergence of antimicrobial-resistant bacteria in diverse geographic
regions are relatively common due to the differing antibiotic prescribing practices in the
respective locales, including overprescribing. As our report is the first to evaluate antimicrobial
resistance profile of oral enterococci from South America, and in particular Brazil, our findings
need to be further examined by evaluating a much larger number of oral streptococci. Until
further data are available it is instructive to note the high degree (>50%) of tetracycline-
resistant E. faecalis in our isolates, as they could pose a threat to spread of nosocomial infection
particularly in patients in intensive care units, and those on mechanical ventilators. Our find-
ings that chlorhexidine digluconate (0.2%), a common ingredient in various mouth washes,
was effective in suppressing E. faecalis may have clinical implications here as this antiseptic is
widely used for oral hygiene for patients in long term ambulatory care.

Finally, we also noted that all the enterococcal isolates in our study were able to develop bio-
films, and most had the capacity to produce virulence-related enzymes. As the current data are
qualitative in nature much more work on the virulence attributes of oral enterococci needs to
be performed to characterize oral enterococci and their pathogenic potential including whole
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genome sequence analysis. Nevertheless, our data underscore and further confirm that the
commensal oral enterococcal populations have the requisite virulence attributes including
resistance to commonly prescribed antibiotics, to make them ideal candidate organisms that
could cause either oral or systemic disease. Whilst our data highlight the need for appropriate
oral care in nosocomial settings, further studies with larger numbers of isolates form various
geographic settings are essential to obtain a complete picture of the oral enterococcal distribu-
tion in various population groups and their virulence attributes.
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